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Abstract 

Background: Spinal infections remain a challenge for clinicians because of their variable presentation and 
complicated course. Common management approaches include conservative administration of antibiotics or 
aggressive surgical debridement. The purpose of this study was to evaluate the efficacy of percutaneous 
endoscopic debridement with dilute betadine solution irrigation (PEDI) for treating patients with lumbar 
infectious spondylitis. 

Methods: From January 2005 to July 2010, a total of 32 patients undergoing PEDI were retrospectively enrolled 
in this study. The surgical indications of the enrolled patients included single-level infectious spondylodiscitis, 
postoperative infectious spondylodiscitis, advanced infection with epidural abscess, psoas muscle abscess, 
pre-vertebral or para-vertebral abscess, multilevel infectious spondylitis, and recurrent infection after anterior 
debridement and fusion. Clinical outcomes were assessed by careful physical examination, Macnab criteria, regular 
serologic testing, and imaging studies to determine whether continued antibiotics treatment or surgical intervention 
was required. 

Results: Causative bacteria were identified in 28 (87.5%) of 32 biopsy specimens. Appropriate parenteral antibiotics 
for the predominant pathogen isolated from infected tissue biopsy cultures were prescribed to patients. Twenty-seven 
(84.4%) patients reported satisfactory relief of their back pain after PEDI. Twenty-six (81.3%) patients recovered 
uneventfully after PEDI and sequential antibiotic therapy. No surgery-related major complications were found, 
except 3 patients with transient paresthesia in the affected lumbar segment. 

Conclusions: PEDI was successful in obtaining a bacteriologic diagnosis, relieving the patient's symptoms, and 
assisting in the eradication of lumbar infectious spondylitis. This procedure could be an effective alternative for 
patients who have a poor response to conservative treatment before a major open surgery. 
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Background 

Spinal infections continue to be a considerable diagnostic 
and therapeutic challenge to clinicians because of their 
subtle presentation in the early stages. Medical imaging 
technology, laboratory tests, and a high degree of suspicion 
can help spinal surgeons make a correct diagnosis in a 
timely fashion to avoid severely debilitating complications 
[1-4]. Identifying the offending pathogen is critical to pro- 
vide appropriate antibiotic therapy for medical treatment. 
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Computer tomography-guided needle biopsy was previ- 
ously recommended for isolating causative pathogens 
[5-7]. However, the aspirate was often inadequate and 
sometimes no organism was cultured. A delay in appro- 
priate treatment for spinal infections can lead to structure 
instability, spinal deformity, sepsis, neurologic deficit, and 
even death. 

Percutaneous endoscopic discectomy (PED) was first 
employed for treating uncomplicated herniated discs in 
the early 1980s [8]. Recently, numerous minimally inva- 
sive percutaneous endoscopic techniques for lumbar disc 
herniation and even spinal stenosis have been developed, 
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with clinical outcomes comparable to those of conven- 
tional open surgery [9,10]. Some studies also reported 
that PED could be applied in the management of spinal 
infections [11-13]. Povidone-iodine (betadine) is a widely 
used antiseptic and disinfectant agent. It can eradicate 
most pathogens, including oxacillin resistant staphy- 
lococcus aureus, and no bacterial resistance has been 
reported [14-18]. Additionally, a lower concentration of 
0.5% betadine has few cytotoxic effects [19,20]. The 
purpose of this study was to evaluate the diagnostic and 
therapeutic efficacy of percutaneous endoscopic debride- 
ment with dilute betadine solution irrigation (PEDI) in 
the treatment of patients with infectious spondylitis. 

Methods 

Patients 

This study was approved by the Institutional Review 
Board of E-DA Hospital, a 1200-bed tertiary referral 
center (IRB number: EMPR-101-027). Thirty-two patients 
with infectious spondylitis underwent PEDI procedures 
between January 2005 and July 2010 at our institute. 
There were 9 women and 23 men with an average age of 
57.4 years (range, 38-88 years). The patients' medical 
records, including outpatient and emergency room notes, 
admission notes, inpatient progress and nursing notes, 
discharge summaries, procedure notes, surgical reports, 
radiology reports, pathology reports, and microbiology 
laboratory results were reviewed. The microbiology re- 
ports comprised microscopy and culture findings and any 
specific pathogens identified by either method. All of the 
patients presented with intractable back pain requiring 
narcotic pain control and bed rest. Infectious spondylitis 
was diagnosed on the basis of clinical examinations, 
including elevated erythrocyte sedimentation rate (ESR) 
and C-reactive protein (CRP) values, and radiographic and 
magnetic resonance imaging (MRI) findings. 

The surgical indications of the 32 patients undergoing 
PEDI included single-level infectious spondylodiscitis, post- 
operative infectious spondylodiscitis, advanced infection 
with epidural abscess, psoas muscle abscess, pre-vertebral 
or para-vertebral abscess, multilevel infectious spondylitis, 
and recurrent infection after anterior debridement and 
fusion. The infectious spondylitis of all patients who under- 
went PEDI in this study did not respond to conservative 
administration of empirical antibiotics and was not so se- 
vere to absolutely need aggressive surgical debridement. 
Patients who sustained severe infection resulting in severe 
structural deformity or significant neurological deficit were 
excluded in this study and they were advised to receive 
open surgery for their severe infectious spondylitis. 

Intervention 

The patient was placed prone on a radiolucent frame 
suitable for fluoroscopy. All procedures were performed 



under local anesthesia with conscious sedation similar to 
that used for standard lumbar discography. Under fluoro- 
scopic guidance, the target site was located and the entry 
site was marked on the skin at a point 8-12 cm from the 
midline. After sterile preparation, draping, and local 
anesthesia, a spinal needle was inserted directly into the 
center of the target disc. Conscious sedation was per- 
formed through administering IV bolus dose of fentanyl 
50 meg and propofol 0.5 mg • kg" 1 . A guide wire was intro- 
duced through the spinal needle into the central disc 
space, and the spinal needle was then withdrawn. After 
creating a small stab-wound incision (about 1 cm), a dila- 
tor and a cannulated sleeve were guided over the wire and 
progressed sequentially into the disc center. Additional IV 
bolus dose of propofol 0.5 mg • kg" 1 were administered if 
the patients complained pain during the procedures. 
Fluoroscopy was repeated in 2 orthogonal planes to verify 
the correct position of the endoscope tip. The tissue dila- 
tor was then removed, and the cutting tool was inserted. 
The cutting tool, a cylindrical sleeve with a serrated edge 
at its distal end, was used to harvest a core of the biopsy 
specimen. Discectomy forceps were then inserted through 
the cannulated sleeve to extract additional tissue from the 
infected disc. Percutaneous debridement was conducted 
piecemeal by manipulating the biopsy forceps, flexible 
rongeurs, and shaver into different positions to withdraw 
as much tissue as possible under fluoroscopic monitoring 
and endoscopic view (Figure 1). The same procedures 
were repeated on the other side. These 2 working sheaths 
were left on both sides for sufficient extirpation and exten- 
sive debridement of the infected intervertebral disc and 
even some endplate from different endoscopic direction. 

After the biopsy and debridement procedures, at least 
10,000 mL of dilute betadine solution was used for irri- 
gation. Approximately 35 mL of povidone-iodine was di- 
luted with 1,000 mL normal saline to achieve a 0.35% 
betadine solution for use during the operation. One por- 
tal was connected to a lavage fluid pump for the inflow 
and the other portal was connected to a suction bottle 
for the outflow, with continuous infusion (Figure 2). The 
suction function is usually kept open from the beginning 
to the end of the procedure for further drainage of the 
lavage fluid and abscess. Finally, 2 drainage tubes were 
inserted into the debrided disc space and connected to a 
negative-pressure Hemovac. The biopsy specimen con- 
tained disc material and parts of vertebral endplates of 
adjacent vertebrae. Each biopsy specimen was examined 
for microorganisms and evaluated histopathologically. 

Outcome measures 

Clinical outcomes were assessed by careful physical 
examination, Macnab criteria, regular serological tests, 
and imaging studies during admission, at 1 month after 
discharge and every 3 months to determine whether 
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Figure 1 Intraoperative endoscopic views from the inside of L5-S1 infectious spondylitis. At the beginning of the PEDI procedure, the 
endoscopic view was not clear due to pus accumulation and granulation tissue at the infected disc level (A). Discectomy forcep, flexible rongeur, 
and shaver were then inserted through the cannulated sleeve to withdraw as much infected tissue as possible (B). By aggressive percutaneous 
debridement, the endoscopic view became much clear and the vertebral endplate above the infected disc level could be identified (C). 





Figure 2 PEDI procedure. Two portal working sheaths were used 
for percutaneous endoscopic debridement followed by dilute 
betadine solution irrigation (PEDI) for treating patients with lumbar 
infectious spondylitis (A). A negative-pressure Hemovac with 2 drainage 
tubes was inserted through the sheaths for further continuous drainage 
of the offending pathogens (B). Informed consent was obtained from 
the patient for his image to be published in this study. 



continued conservative treatment was sufficient or open 
surgical intervention was required [21]. All patients were 
followed up for at least 24 months after undergoing 
PEDI treatment. 

Results 

Patients 

All 32 patients met the inclusion criteria, and their med- 
ical records were analyzed in this study. Table 1 presents 
a summary of these patients' data, including diagnosis 
and involved level, offending pathogens, and clinical out- 
come after PEDI. Fifteen patients with single-level infec- 
tion, 4 with multilevel infection (3 with 2-level infection 
and 1 with 3-level infection), 5 with postoperative in- 
fection, 5 with paraspinal abscess, and 3 with epidural 
abscess were enrolled in this study. The most prominent 
clinical sign of infectious spondylitis was back pain, 
which was detected in all 32 patients before PEDI. One 
week after PEDI, 2 patients had excellent outcomes, 25 
had good outcomes, 4 had fair outcomes, and 1 had a 
poor outcome according to Macnab criteria. A total of 
27 patients (84.4%) reported satisfactory relief of their 
back pain after PEDI. Of these 27 patients, 2 expe- 
rienced recurrent intractable pain with progressive 
kyphotic deformity identified radiologically, and under- 
went surgical treatment at 2 and 5 months after PEDI, 
respectively. Four of the remaining 5 patients who 
had persistent infection and severe back pain after 
PEDI underwent anterior debridement accompanied 
by autograft interbody fusion within 2 weeks after 
PEDI. Among these 4 patients, 1 had a single-level 
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Table 1 Patients' demographic data and clinical outcomes 



Case no. 


Diagnosis 


Macnab criteria* 


Culture 


Open surgery 


Complication 


1 


L2-3 single-level infection 


Good 


OSSA 


None 


None 


2 


L3-4 postoperative infection 


Good 


ORSA 


None 


None 


3 


L2-3 single-level infection 


Good 


No growth 


None 


None 


4 


L2-3 single-level infection 


Good 


ORSA 


2 months later 


None 


5 


L3-4 infection with paraspinal abscess 


Good 


Pseudomonas aeruginosa 


None 


None 


6 


L5-S1 single-level infection 


Good 


Prevotella 


None 


None 


7 


L5-S1 infection with epidural abscess 


Good 


Streptococcus viridans 


None 


None 


8 


L3-4, L4-5, and L5-S1 multilevel infection 


Poor 


Mycobacterium tuberculosis 


1 week later 


Paresthesia 


9 


L4-5 and L5-S1 multilevel infection 


Good 


ORSA 


None 


None 


10 


L2-3 single-level infection 


Good 


ORSA, Haemophilus influenzae 


None 


None 


1 1 


L4-5 single-level infection 


Good 


OSSA 


None 


None 


12 


L1-2 single-level infection 


Good 


Enterococcus faecalis 


None 


None 


13 


L3-4 and L4-5 multilevel infection 


Fair 


Pseudomonas aeruginosa 


2 weeks later 


Paresthesia 


14 


L2-3 infection with paraspinal abscess 


Good 


OSSA 


None 


None 


15 


L4-5 postoperative infection 


Good 


Streptococcus viridans 


None 


None 


16 


L2-3 single-level infection 


Good 


Haemophilus influenzae 


None 


None 


17 


L4-5 single-level infection 


Excellent 


OSSA 


None 


None 


18 


L5-S1 infection with epidural abscess 


Good 


ORSA 


None 


None 


19 


L3-4 postoperative infection 


Good 


OSSA 


None 


None 


20 


L2-3 single-level infection 


Fair 


No growth 


1 week later 


None 


21 


L5-S1 postoperative infection 


Good 


OSSA 


None 


None 


22 


L5-S1 single-level infection 


Good 


No growth 


None 


None 


23 


L4-5 single-level infection 


Fair 


No growth 


None 


None 


24 


L4-5 infection with epidural abscess 


Good 


OSSA, Escherichia coli 


None 


None 


25 


L3-4 and L4-5 multilevel infection 


Fair 


Haemophilus influenza 


2 weeks later 


Paresthesia 


26 


L5-S1 infection with presacral abscess 


Good 


ORSA 


None 


None 


27 


L4-5 single-level infection 


Good 


klebsiella pneumoniae 


None 


None 


28 


L4-5 single-level infection 


Good 


Candida albicans 


None 


None 


29 


L3-4 infection with paraspinal abscess 


Good 


OSSA 


5 months later 


None 


30 


L2-3 infection with paraspinal abscess 


Excellent 


ORSA 


None 


None 


31 


L4-5 postoperative infection 


Good 


ORSA 


None 


None 


32 


L4-5 single-level infection 


Good 


OSSA 


None 


None 



M = male, F = female, L = lumbar spine, S = sacral spine, OSSA = oxacillin sensitive staphylococcus aureus, ORSA = oxacillin resistant staphylococcus aureus. 
"Evaluation at one week after PEDI. 



infection and the other 3 had advanced infection with 
multilevel involvement. 

Isolated pathogens 

Causative bacteria were isolated in 28 (87.5%) of 32 
infected tissue biopsy cultures. Of these 28 patients, 2 
patients had 2 different pathogens cultured. Seventeen 
patients were infected with staphylococcus aureus, 8 
with the oxacillin resistant strain and 9 with the oxa- 
cillin sensitive strain. Three patients had haemophilus 
influenzae infection, 2 had streptococci viridans, 2 had 



pseudomonas aeruginosa, and the other 6 had prevotella 
species, mycobacterium tuberculosis, enterococcus faeca- 
lis, escherichia coli, klebsiella pneumoniae, and Candida 
albicans infection, respectively. Systemic antibiotics and 
anti-tuberculous or anti-fungal chemotherapy were admi- 
nistered according to sensitivity studies for identified 
pathogens. There were no pathogens isolated from 
the other 4 patients (12.5%). Two of them had good 
outcomes after PEDI, but the other 2 had persistent 
back pain. Short-term broad-spectrum antibiotics were 
administrated after PEDI in these patients. Three of the 
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4 patients recovered uneventfully after treatment with 
broad-spectrum antibiotics. The other one underwent 
surgical intervention for intractable back pain and was 
proved to have staphylococcus aureus infection by open 
surgical biopsy. 

Clinical outcomes 

Overall, 6 of 32 patients underwent anterior debride- 
ment and autograft interbody fusion with iliac crest 
because of persistent severe back pain, failure to identify 
the pathogens, or progressive infection. In addition to 2 
patients with single-level infection, 1 with paraspinal 
abscess and the other 3 with multilevel infections were 
included. Three patients with multilevel infections who 
had uncontrolled infection and mechanical instability 
underwent anterior debridement and autograft interbody 
fusion, followed by supplemental posterior fixation. Ex- 
tensive osteolytic destruction of the vertebral body with 
spinal instability or kyphotic deformity was observed in 
these 6 patients. Twenty-six (81.3%) patients responded 
to PEDI and were successfully treated with at least a 
6-week course of parenteral antibiotics therapy or 
full-course antimicrobial chemotherapy (Figures 3 and 4). 
The changes in serological values before and after PEDI in 
the 26 successfully treated patients are shown in Table 2. 
Elevated CRP values returned to reference ranges with a 
mean period of 4.2 weeks in these patients, whereas 
elevated ESR irregularly decreased to half of the original 
pretreatment values within a mean period of 3.4 weeks 
(Figure 5). White blood cell count was elevated only in 10 
(38.5%) of these patients and seemed to be a relatively 
poor indicator for spinal infection. No recurrent infection 
was found among these patients during at least 24 months 
of follow-up (average, 38.5 months; range, 24-60 months). 
No surgery-related major complications were noted, ex- 
cept in 3 patients who complained of transient paresthesia 
in the affected lumbar segment. 



Discussion 

Conservative therapy with sensitive antibiotics and bra- 
cing is adequate for most patients with infectious spon- 
dylitis. A delay in diagnosis and treatment is common in 
all forms of spinal infection because of their early indolent 
course [1-4]. Rezai et al. reported that 25% of patients 
who were initially treated nonsurgically had unsuccessful 
medial therapy [4]. Surgical intervention is typically reser- 
ved for patients with failed antibiotics therapy, intractable 
back pain, significant neurological deficit, large epidural 
abscesses, extensive vertebral body destruction, severe 
kyphotic deformity, or spinal instability [22-25]. However, 
major spinal surgery consisting of anterior debridement 
and bone grafting with or without supplemental instru- 
mentation is often related to undesired postoperative 
complications. 

Several minimally invasive methods have been used to 
treat infectious spondylitis. Computed tomography- 
guided percutaneous catheter drainage has been approved 
as an efficient and safe procedure in the management of 
early-stage spondylodiscitis [26]. Haaker et al. treated 16 
patients with spondylodiscitis by using percutaneous lum- 
bar discectomy. They concluded that it is a useful and 
minimally invasive technique for the conservative treat- 
ment of lumbar discitis, although the causative pathogens 
could be identified in only 45% of the cases [27]. Percutan- 
eous suction, aspiration, drainage, and continuous irriga- 
tion with local administration of antibiotics have also been 
found to be effective in patients with early-stage pyogenic 
spondylitis and even spinal infection accompanied by 
iliopsoas abscesses [28-31]. However, the continuous irri- 
gation method restrained the patients to their beds and 
limited their postoperative ambulation and activities. 

The minimal invasiveness and simplicity of PED have 
led the authors to apply it as a modality for treating 
patients with infectious spondylitis. Direct endoscopic ob- 
servation makes possible the direct collection of sufficient 






Figure 3 Epidural abscess treated by PEDI. L4-5 infectious spondylitis was diagnosed in a male patient. Sagittal T1- and T2-weighted and 
contrast magnetic resonance imaging (MRI) showed L4-5 epidural abscess with compression of neural elements (A). After PEDI treatment, sagitta 
T2-weighted MRI at 6 months follow-up demonstrated the disappearance of the abscess (B). Lateral computed tomograph revealed L4-5 disc 
space narrowing leading to spontaneous fusion (C). 
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Figure 4 Presacral abscess treated by PEDI. L5-S1 infectious spondylitis was diagnosed in a male patient. The lateral radiograph showed L5 
inferior endplate erosion (A). Sagittal T2-weighted MRI demonstrated presacral abscess (B). Postoperative sagittal T2-weighted MRI revealed the 
abscess was eradicated by PEDI (C). Postoperative lateral radiograph showed L5-S1 disc space collapse leading to spontaneous fusion (D). 



amounts of samples from the infected region for micro- 
biological examination. Eradication and debridement of 
the infected and necrotic tissue from a disc and even an 
epidural space can be achieved under endoscopic 
monitoring. During the irrigation procedure, the disc 
debris and turbid abscess can be washed out by dilute 
betadine solution through the suction sheath. Moreover, 
postoperative negative-pressure Hemovac drainage in 
larger-diameter can continuously suck out the pathogens 
from the infected area. A combination of effective debri- 
dement with dilute betadine solution irrigation and full- 
course specific antimicrobial therapy resulted in favorable 
outcomes in current study. 

Povidone-iodine is a widely used antiseptic and disin- 
fectant agent. It can eradicate most pathogens, including 
oxacillin resistant staphylococcus aureus, and no bacterial 
resistance has been reported [14-18]. In an experimental 
research, Kaysinger et al. found that the inhibitory effect 
of betadine on embryo chick tibia and osteoblast cells is 
significant at concentrations of 5% betadine or higher 
[19]. In contrast, few cytotoxic effects were observed at a 
lower concentration (0.5% betadine). Goldenheim repor- 
ted that 1%, 5%, or 10% povidone-iodine preparations do 
not have a deleterious effect on wound healing in animals 
and humans [20]. In a clinical study [32], spinal surgical 
wounds were soaked with dilute betadine solution before 
wound closure, and outcomes were compared with those 
of irrigation with normal saline. A 10% povidone-iodine 
solution was diluted to achieve a concentration of 3.5% 
betadine, possessing maximal bactericidal activity and 
minimal cytotoxicity. No wound infection occurred in 
patients who received betadine irrigation during the 
follow-up period. 



Twenty-six patients with infectious spondylitis were 
successfully treated with PEDI in this series. This min- 
imally invasive technique produces less morbidity than 
open surgery and provides effective relief to the patient's 
back pain by reducing the intradiscal pressure and pre- 
serving adequate stability. These patients could ambulate 
with brace protection as early as possible after PEDI. 
Patients who sustained epidural or paraspinal abscesses 
could also be treated by this method and avoid having 
to undergo open anterior or posterior decompression 
surgery. A connection generally exists between these 
abscesses and the infected disc, which is the actual 
origin of spinal infection. After aggressive debride- 
ment of the infected disc and neighboring vertebral 
endplates, a cavity was created and even the sticky 
abscesses could be washed out by pressurized irrigation 
with betadine solution. With postoperative negative- 
pressure Hemovac suction, the pathogens in the infected 
tissue can be removed continually. 

Six patients eventually underwent open surgery for 
poorly controlled infections and considerable mechan- 
ical back pain caused by progressive destruction. Three 
of 4 patients with multilevel infections who experience 
medical therapy failure received open anterior debride- 
ment and autograft interbody fusion with supplemental 
posterior fixation. Only 1 elderly patient with 2-level 
infections responded to PEDI. However, this patient 
still complained of mild back soreness with progres- 
sive kyphotic deformity. Therefore, the effectiveness 
of this procedure for extensive destruction of verte- 
bral bodies and multilevel infections may be limited, 
from the viewpoint of either surgical technique or 
clinical prognosis. 
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Table 2 Highest preoperative Erythrocyte Sedimentation Rate (ESR), C-reactive Protein (CRP), and White Blood Cell 
(WBC) count, and time to return to normal value in 26 patients successfully treated by percutaneous endoscopic 
debridement with dilute betadine solution irrigation 



Case no. Highest preop time to half of original 
ESR (mm/h) Preop value (weeks) 



Highest preop Time to normal Highest preop Time of abnormal WBC to 
CRP (mg/L) value (weeks) WBC (/uL) normal value (weeks) 



1 


83 


3 


112 


4 


8960 


Initial WNL 


2 


18 


4 


25 


3 


7670 


Initial WNL 


3 


120 


3 


102 


5 


9990 


Initial WNL 


4 


bb 


2 


31 


2 


11030 


3 


5 


50 


5 


78 


■-1 


7520 


Initial WNL 


6 


55 


3 


46 


4 


8630 


Initial WNL 


/ 


34 


4 


22 


2 


8660 


Initial WNL 


8 


34 


1 


138 


4 


12370 


3 


9 


86 


b 


104 


6 


9640 


Initial WNL 


10 


33 


4 


38 


4 


6920 


Initial WNL 


1 1 


52 


4 


103 


3 


10140 


Initial WNL 


12 


55 


3 


46 


3 


16140 


4 


13 


131 


6 


35 


■\ 


12370 


3 


14 


49 


4 


38 


2 


5780 


Initial WNL 


15 


60 


4 


93 


6 


4630 


Initial WNL 


16 


111 


4 


104 


6 


16490 


5 


17 


104 


5 


182 


6 


21620 


5 


18 


34 


3 


18 


2 


9190 


Initial WNL 


19 


37 


5 


Ml 


6 


7820 


Initial WNL 


20 


58 


3 


64 


2 


11130 


2 


21 


39 


2 


58 


6 


11770 


3 


22 


67 


1 


93 


3 


3590 


Initial WNL 


23 


123 


1 


3// 


6 


14990 


4 


24 


62 


2 


92 


6 


6590 


Initial WNL 


25 


37 


3 


52 


6 


8750 


Initial WNL 


26 


62 


4 


89 


5 


12690 


3 


Mean 


63.4 


3.4 


89.1 


4.2 


10195 


3.5 



Preop = preoperative, WNL = within normal limit. 

This study has several limitations. First, we examined 
only 32 cases. Second, the retrospective nature of this 
study does not allow including patients undergoing 
different treatment methods for comparison, as well 
as lacks randomization because of ethical and legal 



considerations. The feasibility and benefits of PEDI 
for infectious spondylitis need to be rigorously evalu- 
ated in a large patient population with prospectively 
controlled comparison groups. Third, the enrolled pa- 
tients had different kinds of spinal infections, such as 



ESR 



Percentage of Baseline (%) 

o a o o a o a 
















preop 


lwk 


2wk 


3wk 


4wk 


5wk 


6wk 


|^^ESR(mm/hr) 


100 


76.6 


65.0 


52.1 


40.0 


32.4 


30.0 



CRP 




CRP(mg/L) 100 54.1 24.9 14.7 



Figure 5 ESR and CRP changed by PEDI. Percentage changes in serological values, before and after PEDI, in successfully treated patients. 
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early-stage infection or advanced infection, single-level 
infectious spondylodiscitis or multilevel infections, and 
spinal infection with or without epidural or paraspinal 
abscess. Thus, careful classification of patients through 
meticulous clinical examination and comprehensive image 
studies can further evaluate the efficacy and indications of 
this procedure in different stages and severities of spinal 
infection. 

Conclusions 

On the basis of the findings obtained from this study, we 
propose that PEDI is an effective alternative to extensive 
open surgery for the treatment of single-level infectious 
spondylodiscitis or even complicated infection with epi- 
dural or paraspinal abscesses. It is successful in obtaining 
a bacteriologic diagnosis, relieving the patient's symptoms, 
and assisting in the eradication of lumbar infectious 
spondylitis. Extensive anterior or posterior surgery is 
not always necessary in these cases. Additionally, the 
clinical course can be repeatedly evaluated and the 
treatment strategy can be modified accordingly after 
the PEDI procedure. 

Abbreviations 

CRP: C-reactive protein; ESR: Elevated erythrocyte sedimentation rate; 
MRI: Magnetic resonance imaging; PED: Percutaneous endoscopic 
discectomy; PEDI: Percutaneous endoscopic debridement with dilute 
betadine solution irrigation. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

SCY wrote the original manuscript, helped in the data analysis, and 
contributed to the interpretation and presentation of the data. TSF was 
responsible for the analysis and the interpretation of the data and 
contributed to all parts of the work of this study. HSC co-coordinated the 
study design, carried out the literature search, data analysis and drafting of 
the manuscript. YHK and SWY were responsible for the data acquisition, 
helped in the analysis and the interpretation of the data. YKT provided 
expert clinic advice in the field, design and structure and critically revised 
the manuscript. All authors read and approved the final manuscript. 

Acknowledgements 

We thank all patients for participating in the study and Formosa Medical 
Editors for the English editing. 

Author details 

'Department of Orthopaedic Surgery and Anesthesiology, E-Da Hospital, 
l-Shou University, Kaohsiung, Taiwan, department of Orthopaedic Surgery, 
Chang Gung Memorial Hospital, Taoyuan, Taiwan. 

Received: 16 July 2013 Accepted: 25 March 2014 
Published: 27 March 2014 

References 

1 . An HS, Seldomridge JA: Spinal infections: diagnostic tests and imaging 
studies. Clin Orthop Relat Res 2006, 444:27-33. 

2. Bonfiglio M, Lange TA, Kim YM: The Classic: pyogenic vertebral 
osteomyelitis: disk space infections. Clin Orthop Relat Res 2006, 444:4-8. 

3. Carragee EJ: Pyogenic vertebral osteomyelitis. J Bone Joint Surg Am 1 997, 
79:874-880. 

4. Rezai AR, Woo HH, Errico TJ, Cooper PR: Contemporary management of 
spinal osteomyelitis. Neurosurgery 1999, 44:1018-1025. 



5. Chew FS, Kline MJ: Diagnostic yield of CT-guided percutaneous aspiration 
procedures in suspected spontaneous infectious diskitis. Radiology 2001, 

218:211-214. 

6. Rankine JJ, Barron DA, Robinson P, Millner PA, Dickson RA: Therapeutic 
impact of percutaneous spinal biopsy in spinal infection. Postgrad Med J 
2004, 80:607-609. 

7. Yang SC, Fu TS, Chen LH, Chen WJ, Tu YK: Identify pathogen of 
spondylodiscitis: Percutaneous endoscopy or CT-guided biopsy. 
Clin Orthop Relat Res 2008, 466:3086-3092. 

8. Kambin P, Schaffer JL: Percutaneous lumbar discectomy. Review of 100 
patients and current practice. Clin Orthop Relat Res 1989, 238:24-34. 

9. Hermantin FU, Peters T, Quartararo L, Kambin P: A prospective, 
randomized study comparing the results of open discectomy with those 
of video-assisted arthroscopic microdiscectomy. J Bone Joint Surg Am 
1999, 81:958-965. 

10. Yeung AT, Tsou PM: Posterolateral endoscopic excision for lumbar disc 
herniation: Surgical technique, outcome, and complications in 307 
consecutive cases. Spine 2002, 27:722-731. 

11. Ito M, Abumi K, Kotani Y, Kadoya K, Minami A: Clinical outcome of 
posterolateral endoscopic surgery for pyogenic spondylodiscitis: results 
of 15 patients with serious comorbid conditions. Spine 2007, 32:200-206. 

12. Yang SC, Fu TS, Chen LH, Niu CC, Lai PL, Chen WJ: Percutaneous 
endoscopic discectomy and drainage for infectious spondylitis. 
Int Orthop 2007, 31:367-373. 

13. Fu TS, Yang SC, Tsai TT, Chen LH, Lai PL, Niu CC, Chen WJ: Percutaneous 
endoscopic debridement and drainage in immunocompromised 
patients with complicated infectious spondylitis. Minim Invasive Ther Allied 
Technol 2010, 19:42-47. 

14. Hill RL, Casewell MW: The in-vitro activity of povidone-iodinecream 
against Staphylococcus aureus and its bioavailability in nasal secretions. 
J Hosp Infect 2000, 45:1 98-205. 

15. McLure AR, Gordon J: In-vitro evaluation of povidone-iodine and 
chlorhexidine against methicillin-resistant Staphylococcus aureus. 
J Hosp Infect 1 992, 21 :291 -299. 

16. Reimer K, Wichelhaus TA, Schafer V, Rudolph P, Kramer A, Wutzler P, 
Ganzer D, Fleischer W: Antimicrobial effectiveness of povidone-iodine 
and consequences for new application areas. Dermatology 2002, 
204(Suppl 1):114-120. 

1 7. Block C, Robenshtok E, Simhon A, Shapiro M: Evaluation of chlorhexidine 
and povidone iodine activity against methicillin-resistant Staphylococcus 
aureus and vancomycin-resistant Enterococcus faecalis using a surface 
test. J Hosp Infect 2000, 46:147-152. 

18. Yasuda T, Yoshimura S, Katsuno Y, Takada H, Ito M, Takahashi M, Yahazaki F, 
Iriyama J, Ishigo S, Asano Y: Comparison of bactericidal activities of 
various disinfectants against methicillin-sensitive Staphylococcus aureus 
and methicillin-resistant Staphylococcus aureus. Postgrad Med J 1993, 
69(Suppl 3):66-69. 

19. Kaysinger KK, Nicholson NC, Ramp WK, Kellam JF: Toxic effects of wound 
irrigation solutions on cultured tibiae and osteoblasts. J Orthop Trauma 
1995, 9:303-311. 

20. Goldenheim PD: An appraisal of povidone-iodine and wound healing. 
Postgrad Med J mi, 69(Suppl 3):97-105. 

21 . Macnab I: Negative disc exploration. An analysis of the cause of nerve 
root involvement in sixty-eight patients. J Bone Joint Surg Am 1 971 , 

53:891-903. 

22. Emery SE, Chan DP, Woodward HR: Treatment of hematogenous pyogenic 
vertebral osteomyelitis with anterior debridement and primary bone 
grafting. Spine 1989, 14:284-291. 

23. Hadjipavlou AG, Mader JT, Necessary JT, Muffoletto AJ: Hematogenous 
pyogenic spinal infections and their surgical management. Spine 2000, 
25:1668-1679. 

24. Krodel A, Sturz H, Siebert CH: Indications for and results of operative 
treatment of spondylitis and spondylodiscitis. Arch Orthop Trauma Surg 
1991, 110:78-82. 

25. Ozuna RM, Delamarter RB: Pyogenic vertebral osteomyelitis and 
postsurgical disc space infections. Orthop Clin North Am 1996, 27:87-94, 

26. Staatz G, Adam GB, Keulers P, Vorwerk D, Gunther RW: Spondylodiskitic 
abscesses: CT-guided percutaneous catheter drainage. Radiology 1998, 
208:363-367. 

27. Haaker RG, Senkal M, Kielich T, Kramer J: Percutaneous lumbar discectomy 
in the treatment of lumbar discitis. Eur Spine J 1997, 6:98-101. 



Yang ef al. BMC Musculoskeletal Disorders 2014, 15:105 
http://www.biomedcentral.com/1471-2474/15/105 



Page 9 of 9 



28. Nagata K, Ohashi T, Ariyoshi M, Sonoda K, Imoto H, Inoue A: Percutaneous 
suction aspiration and drainage for pyogenic spondylitis. Spine 1998, 
15:1600-1606. 

29. Hadjipavlou AG, Katonis PK, Gaitanis IN, Muffbletto AJ, Tzermiadianos MN, 
Crow W: Percutaneous transpedicular discectomy and drainage in 
pyogenic spondylodiscitis. Eur Spine J 2004, 13:707-713. 

30. Hanaoka N, Kawasaki Y, Sakai T, Nakamura T, Nanamori K, Nakamura E, 
Uchida K, Yamada H: Percutaneous drainage and continuous irrigation in 
patients with severe pyogenic spondylitis, abscess formation, and 
marked bone destruction. J Neurosurg Spine 2006, 4:374-379. 

31. Tofuku K, Koga H, Yone K, Komiya S: Continuous irrigation in pyogenic 
spondylitis accompanied by iliopsoas abscess. Spine 2007, 32:E382-E387. 

32. Cheng MT, Chang (VIC, Wang ST, Yu WK, Liu CL, Chen TH: Efficacy of dilute 
betadine solution irrigation in the prevention of postoperative infection 
of spinal surgery. Spine 2005, 30:1689-1693. 

doklO.1 186/1471-2474-15-105 

Cite this article as: Yang ef al.: Minimally invasive endoscopic treatment 
for lumbar infectious spondylitis: a retrospective study in a tertiary 
referral center. BMC Musculoskeletal Disorders 2014 15:105. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at /'"A n! _, ul _-| r Q r,tr=l 

www.biomedcentral.com/submit ammBa central 



V 



